Members of the genus Vibrio are common in aquatic environments. Among them are V. cholerae, V. vulnificus, V. parahaemolyticus and V. mimicus. Several studies have shown that environmental factors, such as temperature, salinity, and dissolved oxygen, are involved in their epidemiology.
INTRODUCTION
Vibrio species naturally reside in aquatic and marine environments. They are found in waters that are deep and coastal, as well as temperate and tropical waters. The effect of physicochemical environmental factors has been widely studied for pathogenic Vibrio species, especially for V. cholerae. The potential significance of environmental factors on the dynamics of the disease caused by V. cholerae has been reported in several studies, with temperature and salinity being the major factors affecting its ecology (Pardio-Sedas ). Generally, Vibrio species are more common in warm waters, particularly when the water temperature is higher than 17 W C (Thompson et al. ) .
Additionally, a positive correlation between V. cholerae and salinity has been reported (Huq et al. ) .
Such environmental factors, climate change and climate variability affect growth and reproduction in the marine environment (Gerba ) .
Most Vibrio species isolated from marine environments are non or low virulent strains (Farfán et The complex ecology of pathogenic Vibrio species has been reported to impact their occurrence and abundance in the marine environment and has been associated with its potential to cause human infection (Gerba ) . It has also been suggested that bacteria-bacteria interactions are specific and regulate the proliferation of some species in the aquatic environment (Sotomayor & Balcázar ) . 
METHODS

Study area and sampling
Guaymas is located in the southwest part of the Estate of Sonora in the northwestern Mexico. The study area is located in the surrounding coastal waters of Guaymas in the Gulf of California (Figure 1 ). The climate of the region is hot and dry with rainy summers (<100 mm). The main human activities that take place are fishing, fishing industry, commerce and tourism.
Water samples were collected monthly at high tide from For PCR identification, pure oxidase positive colonies and control strains were grown overnight in APW, 1 mL was boiled and centrifuged, and finally 5 μL of supernatant with minimal differences between sites and sampling period were observed for pH (7.9-8.4), salinity (S) (29.6-37.9 psu), and TDS (29.7-37.2), which agrees with previous reports for S, pH in the Guaymas area (Roden ; García-
Rico et al. ).
Normal temperature variations were found for the study area, in which annual average values ranging from 16 to V. parahaemolyticus and V. vulnificus were distributed among all sampling sites, while V. cholerae and V. mimicus were found at just five and four sampling sites, respectively (Table 2 ). Minimal and maximum value for each physicochemical parameter at which V. parahaemolyticus, V. vulnificus, V. cholerae and V. mimicus were found are presented in Table 3 . The presence of all four Vibrio species in water and marine products has been well documented world- Generally, V. parahaemolyticus and V. vulnificus were found at a wider ranges of temperature, EC, and DO, while V. cholerae and V. mimicus were found at the smallest ranges, but at high salinity values (Figure 4 ).
Salinity
The combined effect of temperature and salinity influence the density of V. parahaemolyticus, V. cholerae and V. mimicus, because the highest isolation frequency was limited by (Kaspar & Tamplint ) , which is similar to the conditions found in this study.
Contrary to our findings, V. mimicus was isolated in brackish water at maximum salinity values of 21.5 psu in Veracruz, Mexico (González-Vázquez ). In this study, V. mimicus was most frequently isolated at high temperatures, and high, stable salinity values. This supports the notion that more than one factor limits the V. mimicus density.
Dissolved oxygen
Water DO values vary from 4.7 to 15.5 mg/L in the study area, but any targeted Vibrio specie was isolated from waters containing the highest values (Table 3) . V. parahaemolyticus displayed the highest range (4.7-13.6 mg/L) and 
EC, electrical conductivity (mS/cm). TDS, total dissolved solids (g/L).
S, salinity (psu).
pH, ORP, REDOX potential (mV). P, barometric pressure (mmHg). 
REDOX potential (ORP)
V. parahaemolyticus was isolated from water covering the entire observed ORP range (73.8-301.5 mV), while V. mimicus was found in the smallest range (158.5-270.9 mV).
There was, however, no correlation between this parameter and any of the four pathogenic species covered in this study.
There are no previous reports that associate ORP with
Vibrio species, but their facultative nature is well known.
Electrical conductivity (EC)
Electrical conductivity highly correlates to V. parahaemolyticus, V. vulnificus (P < 0.0001) and V. mimicus (P < 
Total dissolved solids (TDS)
TDS values were significant only for V. parahaemolyticus However, the abundance of V. parahaemolyticus was more influenced by environmental parameters than any other
Vibrio species, especially T, S, TDS and CE (P < 0.001),
than that of the other species. V. cholerae, V. vulnificus and V. mimicus were found in very low numbers.
Principal component analysis (PCA)
Most of the data variance (72.8%) was explained with the first four principal components (Prin1 to Prin4, Table 4 ). Clear relationships between some of the physicochemical parameters and the Log MPN/mL of the Vibrio species (Prin1) were observed (Table 4) . T, EC, TDS and S influenced all of the Vibrio species included in this study, except V. cholerae, and their populations were inversely proportional to barometric pressure changes (Prin1). V. parahaemolyticus was the species most affected by environmental factors, followed Additionally, DO, pH and ORP did not correlate with the bacterial density of any species, but a positive correlation between DO and pH and a negative correlation with ORP were found (Prin2). This is contrary to a previous study where a correlation between pH and V. vulnificus was documented (Blackwell & Oliver ) .
The abundance of V. cholerae was mainly associated with the sampling site, rather than environmental factors (Prin4), despite the fact that the relationship of this bacterium with temperature has been widely documented.
Nevertheless, it is important to highlight that while there is no doubt temperature affects the abundance of this bacteria, it can also be indirectly linked to geographical areas.
In this manner, the presence of V. cholerae has always been associated with high temperatures, but is found in low den- presumptive Vibrio spp., V. vulnificus (P < 0.0001), V. parahaemolyticus and V. vulnificus and environmental conditions (T, CE, TDS, S and P) (P < 0.001). V. cholerae and V. mimicus displayed a correlation with both sampling site (P < 0.001 and 0.0042, respectively) and environmental conditions (P < 0.0281 and <0.0019, respectively).
Even though the parameters considered in this study affected Vibrio abundance to some degree, V. parahaemolyticus showed a more predictable model. It is likely that other parameters not considered in this study also affected V. cholerae and V. mimicus.
CONCLUSIONS
Variations in seawater environmental factors observed in the study area support the survival and growth of the clinical concern Vibrio species included in this study. V. parahaemolyticus was the most abundant and widely distributed among the sampling sites, followed by V. vulnificus, V. mimicus and V. cholerae. Despite V. mimicus being the least widely distributed, it was still slightly more abundant than V. vulnificus and V. cholerae.
The presence of V. parahaemolyticus and V. vulnificus four Vibrio species, included in this study, by themselves represents a likely public health risk because, at least three of the sampling sites are local fishing areas. The products of which are intended for human consumption and the probability to human infection is also present in nonpathogenic strains. However, we recognize and strongly suggest the need to conduct further studies that extend beyond the study area and consider virulence factors, and
